Abstract
Introduction
In recent years it has been widely recognised that water was managed with little regard to the efficiency of its utilisation and with no or very little effective pollution control (Pallett, 1997) , and according to Sullivan & Meigh (2007) there is a definite link between human welfare and the environment. South Africa, being a water-stressed country with less than 1 700 m 3 of water for each person per year (Rand Water, 2008) , has limited fresh water resources and budgets for the supply of basic infrastructure services. Currently over 6 million people in South Africa are without access to even a basic level of water supply or have only a very limited level of access (Cullis, 2005) . The provision of reliable, sustained and safe water to people worldwide has become a top priority on the international agenda (Garriga & Foguet, 2010; Komnenic, Ahlers & van der Zaag, 2009) , as evidenced by the UN General Assembly declaring 2008 the international year of sanitation.
The norm has been to think of water poverty purely in terms of a lack of the actual resource; however, Sullivan et al. (2003) and Sullivan et al. (2005) have shown that water poverty should be expressed in terms of resource, access, capacity, use and environment. These five components are contained in the Water Poverty Index (WPI) as developed by Sullivan et al. (2002) , and refined by researchers at the Centre for Ecology and Hydrology in Wallingford, United Kingdom. The WPI aims to target political and financial attention towards those most in need, and therefore a need has arisen for more cost effective ways of calculating the WPI without much loss of information (Cho, Ogwang & Opio, 2010) .
Demarcation
South Africa is a water-stressed country (Rand Water, 2008) . Water stress is an indicator that is commonly used to measure the degree of water resources vulnerability, and typically occurs when the demand for water exceeds the supply (Perveen & James, 2011) . Water stress causes deterioration of fresh water resources in terms of quantity and quality. Figure 1 shows the percentage of the world population living in each of the five water availability categories. Water scarcity occurs when a large number of people in an area do not have access to safe and affordable water to satisfy their needs for drinking, washing or their livelihoods for a significant period of time (Rijsberman, 2005) . Rand Water (2008) warns that if South Africans do not learn how to use their limited water supplies wisely, they will move into a water scarcity category -that is, less than 1 000 m 3 per person per year -by 2025. In 1994 the Reconstruction and Development Program (RDP) listed "meeting basic needs" as one of its five broad programmes (Melville and Goddard, 1996) . Some of the areas that were highlighted in the RDP as being extremely relevant, and therefore in need of research include water, including its provision, sanitation and conservation, and social welfare. This research, either directly or indirectly, assists in addressing these needs.
The accuracy of the WPI increases as the resolution increases (Komnenic et al., 2009) , and this was one of the main contributing factors for this study to focus on the municipal/household level. "In order to develop effective policy guidance it is essential that any assessment tool be applied at the appropriate scale", Sullivan & Meigh (2007:123) . One of the two local municipalities in the demarcated area in South Africa is the Emfuleni local municipality (ELM). The ELM consists of the two main towns Vanderbijlpark and Vereeniging, along with their surrounding townships and settlements, and is located at the Southern tip of the Gauteng province. The ELM has highlighted some challenges that they foresee with regards to their water and sanitation services. These challenges include:
• An ageing water infrastructure.
• A limited preventative maintenance program due to a shortage of personnel.
• Rapid development.
• Flat rate billing for water consumption in certain areas.
• Un-metered areas. The other municipality in the area is the Metsimaholo local municipality (MLM), which consists mainly of the town Sasolburg, along with its surrounding townships and settlements, and is located at the Northern tip of the Free State province.
Unemployment continues to remain a problem and contributing factor in the demarcated area, as in the rest of South Africa. The lack of access to sustained safe water leads to a decrease in productivity, which in turn results in the poverty of that society (Komnenic et al., 2009; Cho et al., 2010) . This in turn leads to a high dependency ratio within the municipality, which directly hampers the ability of the population to save and/or engage in other entrepreneurial activities (ELM, 2010) . The dependency ratio refers to the amount of unemployed people depending on the municipality for basic services, without being able to pay for it or without making any sort of economical contribution. Ideally, this ratio should be as close as possible to 0. Figure 2 illustrates the employment profile of the ELM. "Unemployed" refers to people aged between 16 and 65 who are currently looking for a job opportunity, and "not economically active" refers to people who are employable but who are not currently looking for a job opportunity. 
Water management
During recent years some of the major shortcomings of national water management that have been widely recognised (Clarke and King, 2004; Langford, 2005; Meyer, 2007; Pallett, 1997) include very little or no pollution control, and inefficient utilisation. According to Pallett (1997) , the aim of water management should be to supply people with essential water supplies while ensuring that water continues to be shared among all the components of the human and natural environment in a river basin. The importance of good water management is vital in determining the water fate of the majority of the world's population (Clarke and King, 2004) .
Management is one of the major problems in the global water sector (Ahmad, 2003) , and according to Langford (2005) , the reasons why we currently find ourselves in a water and sanitation crisis are:
• Insufficient and decaying infrastructure for water service delivery, especially in deprived rural and urban areas.
• Insufficient capacity and funding for the expansion and maintenance of water supply systems.
• Pollution of traditional water sources, particularly from industrial waste, agricultural runoff and human and animal waste.
• Reduced access to, and depletion of, water resources due to drought, population growth, armed conflict and the dominance of commercial agricultural and industrial activities. Many researchers (Ahmad, 2003; Cullis, 2005; Sullivan et al,. 2002) suggest that a shift of emphasis to a more holistic approach to water management is necessary. As a first step, the concept of an Integrated Water Resource Management (IWRM) as a holistic approached-based framework for water management was introduced. This approach focuses on poverty reduction and sustainability of ecosystems among other things; in other words to achieve a sustainable water world. The Global Water Partnership (2000:15) defines IWRM as "a process which promotes the coordinated development and management of water, land, and related resources in order to maximise the resultant economic and social welfare in an equitable manner without compromising the sustainability of vital ecosystems".
At the United Nations Conference on the Environment and Development that was held in 1992 in Rio de Janeiro, IWRM was a major item on the agenda. During this conference the various stakeholders came up with an action plan for the world environmental crisis, called Agenda 21. Under this agenda, the four main objectives of IWRM are (Pallett, 1997) :
1. To plan the sustainable and rational utilisation, protection, conservation and management of water resources. 2. To identify and strengthen or develop, as required, in particular in developing countries, the appropriate institutional, legal and financial mechanisms to ensure that water policy and its implementation are a catalyst for sustainable social progress and economic growth. 3. To promote a dynamic, iterative, interactive and multisectoral approach to water resources management. 4. To design, implement and evaluate projects and programmes that are both economically efficient and socially appropriate within clearly defined strategies.
Unfortunately, according to Swatuk (2010) , although supporting the principle of IWRM, South Africa will experience some difficulties in realising the ideals of IWRM in practice. Examples of some of the contributing factors to these expected difficulties include:
• The loss of more than 1 000 000 jobs in the first post-apartheid decade, which had resulted in major economic implications.
• Fault lines that have appeared within and between the major political parties.
• Capital flight and the out-migration of skilled workers to other countries, which limit the capacity of the state and society to shift toward more efficient, equitable and sustainable processes of wealth creation. It is felt that when the WPI (discussed in section 5) is fully robust and able to be incorporated with other water management tools, it will contribute to the achievement of IWRM, which is a stated policy goal for most nations today (Sullivan & Meigh, 2007) .
Research methodology
Under the quantitative methodology researchers use the scientific method, which starts with the specific theory and hypotheses, and then quantitatively measure and analyze based on established research procedures (Swanson et al., 2005) . It typically consists of five steps which include:
1. Determining the basic questions to be answered by the research. In this study, to compare the traditional method with simplified methods for water poverty index calculation. 2. Determining the participants in the research. Quantitative research benefits greatly from generalizability, or being able to draw conclusions about a population from sample data. In this study, to use the component scores compiled by Van der Vyver & Jordaan (2012) as the basis for a case study. 3. Selection of methods to answer the research questions. In this study, using secondary data as the starting point for new calculations. 4. Selection of statistical analysis tools for analyzing the collected data. In this study, satisfied through the use of data at a high significance level as a result of the chosen sources. 5. Performing the interpretation of the results of the analysis based on the statistical significance determined. The advantages of a case study as a research strategy include (Denscombe, 2003) :
• It allows the researcher to deal with the subtleties and intricacies of complex situations.
• It allows the use of a variety of research methods.
• It fosters the use of multiple sources of data.
• It is suitable for when the researcher has little control over events.
• Concentrates effort on one research site.
• Suitable to both theory-building and theory-testing research. The research makes use of secondary data which has been collected and processed previously by the author. By using secondary data a lot of time and financial constraints are overcome.
The water poverty index
The conventional methods to assess water management were purely deterministic, relying on the availability of largescale data. A method that is easy to calculate, cost effective to implement, based mostly on existing data, and that uses a transparent process (i.e. easy to understand) was needed by policy makers and funding agencies. This motivated Sullivan et al. (2002) to design the WPI as an alternative water situation assessment tool. The WPI has the following advantages over conventional methods (Komnenic et al., 2009; Sullivan & Meigh, 2007 , Cho et al., 2010 :
• It is a mechanism to prioritise water needs.
• It provides a better understanding of the relationship between the physical availability of water, its ease of abstraction, and the level of welfare.
• The WPI is mainly designed to help improve the situation for people facing poor water endowments and poor adaptive capacity.
• It is a tool for monitoring progress in the water sector.
• It provides a reasonably simple process to combine biophysical, social, economic and environmental data to produce a single index value, i.e. it recognizes the multidimensional nature of water poverty.
The WPI captures the whole range of issues related to water resources availability as well as their impacts on people (Sullivan et al., 2005) . The primary goals were to enable holistic water-resource assessments on a site-specific basis at the community level, and to be a water management tool which was accessible to water decision makers at various levels. The traditional WPI allows the use of different scales to be applied for different needs and defines water poverty according to five components. These component variables, which capture a more comprehensive picture of water management challenges (Sullivan et al., 2003) , are the following:
• Resources. The availability of water, taking into account the variations in seasonal and inter-annual fluctuations and water quality.
• Access. The accessibility of water for human use taking into account the distance to a safe source and the time needed to collect the water for household and other needs -including the irrigation of crops and for industrial use.
• Capacity. The ability to effectively manage water.
• Use. This captures the actual amount of water being used and extracted from the system. Use includes domestic, agricultural and industrial use (Lawrence et al., 2002) . Increasing water use is good up to a point, but becomes bad if inefficiency results from water waste.
• Environment. This variable captures the environmental impact of water management with the intention to ensure long-term ecological integrity. "Environmental factors which are likely to impact on regulation will affect capacity" (Lawrence et al., 2002:1) . It should be noted that proposing one fixed set of indicators for each and every context is not appropriate, as each location is unique and specific criteria and indicators may not be available for all cases (Garriga & Foguet, 2010) .
A composite index approach is used to calculate the WPI (Cullis, 2005) . Each of the five components consists of a number of sub-components and a weighting can be applied to each component to indicate the component's importance, if required. The components are standardised to fall in the range 0 to 100, resulting in a final WPI value between 0 and 100. The highest value, 100 is taken as the best situation with 0 being the worst. The purpose of weightings is to emphasise a specific component of the WPI structure, and the importance of any component should not be predetermined by researchers as it is clearly a political decision (Sullivan et al,. 2005) .
This comprehensive approach to measuring water poverty was taken forward by researchers at the Centre for Ecology and Hydrology in Wallingford, UK. They refined the WPI that was developed by Sullivan et al. (2002) in an attempt to quantify the link between water and poverty by combing hydrological data with socio-economic data to provide a complex indicator that reflects the true nature of a community and its access to clean water (Schulze and Dlamini, 2002) . These researchers, along with experts from the World Water Council, calculated the WPI for 147 countries all over the world (World Water Forum, 2003) . The World Water Council is an independent, international organisation incorporated as a French not-for-profit association with over 250 member organisations based in over 60 countries. South Africa scored a WPI value of 52, which places it in the lower 50%. Considering that 100 is the perfect goal score, its score of 52 places South Africa roughly in the middle order. Table 1 contains the component scores for the demarcated area with their associated weightings as compiled by Van der Vyver & Jordaan (2012) . Source: Van der Vyver & Jordaan, 2012 Although the traditional method with five components has been proven to be successful, Cho et al. (2010) have identified the need for a simplified and more cost effective method for index calculation, as financial and data availability constraints often exist. This motivated them to perform a principal components analysis (PCA) using the same worldwide data mentioned earlier. The PCA is used to transform a large set of correlated variables into a smaller set of uncorrelated variables, called principal components, which account for most of the variation in the original set of variables (Morrison, 1967) . This analysis identified two new methods for index calculation, the new water poverty index, or NWPI, and the simplified water poverty index, or SWPI. With the NWPI the first principal component accounted for 66% of the variation in the three sub-indices, and also provided the relevant weightings, and with the SWPI it accounted for 64% and also determined the weightings.
Calculation methods
In the analysis performed by Cho et al. (2010) all three the methods involved in this study showed high correlations with each other, with the lowest value being 0.806 between the WPI and the SWPI. The obtained indices are therefore related, although the NWPI and SWPI are the most cost effective to construct, due to less data and as a result less time being required. The following subsections will discuss the calculation of each of the three indices.
Traditional Water Poverty Index
The five key components of the WPI are combined together in the traditional weighted additive method as follows: 
New Water Poverty Index (NWPI)
The principal components analysis performed by Cho et al. (2010) indicated that the NWPI should consist of three components. These components are combined together in the unequally weighted NWPI method as follows: and similarly the NWPI for Vereeniging = 67.036 and for Sasolburg = 73.538. When compared to the traditional WPI discussed in section 6.1, the NWPI only requires 2 data sources instead of 3 (see Van der Vyver & Jordaan, 2012) .
Simplified Water Poverty Index
A further analysis of the principal components analysis performed by Cho et al. (2010) indicated that the SWPI should consist of only two components. These components are combined together in the equally weighted SWPI method as follows: and similarly the SWPI for Vereeniging = 55.892 and for Sasolburg = 62.433. When compared to the traditional WPI the SWPI also only requires 2 data sources instead of 3.
Comparison and discussion
When constructing any composite index, the choice of the weightings, if applicable, and calculation method will always remain a major issue (Garriga & Foguet, 2010; Cho et al., 2010) , as there are numerous factors that can influence it. However, irrelevant of the method chosen, the following guidelines will ensure its applicability when adhered to (Sullivan et al., 2003; Kumar & Alappat, 2004; Swamee & Tyagi, 2000) :
• The method should be free from or minimize overestimation and underestimation.
• When similar results are obtained, the method which retains the virtues of simplicity and straightforwardness is the most appropriate.
• It should be sensitive to changes in an individual variable throughout its range.
• It can be considered successful if it is transparent and the index can be readily disaggregated into the separate components with no information lost. Table 2 contains the WPI values obtained with each of the three methods. Table 3 represents the correlation matrix for the three calculation methods, which indicate strong relationships between them. Given the household scale that was applied in the study, all the methods would have identified Vereeniging as being the most in need of an intervention, and more specifically improving educational and income capacity. Although the order of the three towns also remained unchanged, the percentage changes between the towns did increase. It can therefore be argued that there are several factors which can influence the choice of calculation method. These include, and are not limited to, the chosen scale, the components and sub-components used, the chosen data sources, and the availability of data (see Cullis, 2005; Sullivan et al., 2003; Sullivan et al., 2005; World Water Forum, 2003; Cho et al., 2010) .
Conclusion
The role of the water poverty index in water poverty alleviation has been widely recognised. Its inherent flexibility in terms of scale, component choice and data sources ensure that its possible applications are nearly endless. Its construction should however always remain as transparent as possible, to ensure stakeholder buy-in, and although more components will not necessarily increase the accuracy, careful consideration should be given to component selection.
The advantage of having several WPI calculation methods is that it helps development and governing agencies to construct an index that reflects their true water poverty situation, whatever the applicable constraints. This research compared the traditional, new and simplified methods for water poverty index calculation. The new and simplified methods produced lower values in each of the three towns and used less data sources, although the final recommendation remained unchanged. In this specific case study it might possibly be attributed to the chosen scale, the composition of the components, the data sources used, or some combination of the three. Throughout the calculation process there are various choices that can influence the accuracy of the chosen method, and it is therefore critical to spend enough time and effort in determining the most relevant one.
Future research should focus on refining the available methods and on developing guidelines for which method is most suited to which scenario.
